Abstract. Ecological restoration often involves only the manipulation of abiotic factors at the local scale. However, processes external to a restoration site determine the range of local conditions within the site, constraining the level of restoration progress that can be achieved by on-site manipulations. We examined the relationship of landscape and local explanatory variables to plant species composition in 28 restored wetlands in Illinois, USA. Using constrained ordination combined with variation partitioning, we determined the independent and joint effects of three spatially hierarchical sets of variables: (1) macroscale landscape features reflecting site setting within regional landscapes, (2) mesoscale landscape features reflecting nearby propagule sources and buffers from disturbances, and (3) local environmental factors. Because the relative influence of landscape-vs. local-scale factors on restoration success may depend on particular restoration goals, we repeated the analyses using three multivariate plant community responses that represented three frequently stated goals: (1) replicating species composition, (2) restoring a particular wetland community type, and (3) constructing sites with high value for plant conservation. Explanatory variables at landscape and local scales had independent and nearly equally strong relationships to plant species composition. In contrast, when species were aggregated based on plant traits, the independent contribution of local predictors was greater than the independent contributions of macroscale or mesoscale landscape predictors, reflecting convergence of plant trait composition in sites with similar local conditions. Local predictors explained a significant amount of variation in plant conservation value among sites, but much of the variation could be explained by largescale landscape setting, indicating that landscape constraints on local environmental conditions limited the level of floristic conservation value achievable. The appropriate scale at which to focus restoration efforts will vary depending upon restoration objectives. Restoration of particular wetland community types might be successfully achieved through manipulation of local abiotic factors. In contrast, restoration of a particular species assemblage or reconstruction of wetlands with high value for conservation requires consideration of landscape processes and available species pools.
INTRODUCTION
Restoration ecologists have not yet developed effective restoration protocols that are guided by ecological principles and are specific to the unique local and landscape context of a site . Despite the potential influence of landscape processes on restoration outcomes, many wetland restoration efforts involve only the management of abiotic factors at the local scale. Although this local focus may be appropriate for attaining certain restoration goals, other goals may be unachievable if the landscapes surrounding restoration sites have been degraded or heavily altered.
Wetland restoration most commonly involves manipulation of the hydrologic regime, which is considered to be of overriding importance in determining characteristics of wetland plant communities (Keddy 2000, Mitsch and Gosselink 2007) . Depth, duration, and frequency of flooding are major controls of seed germination and establishment (van der Valk 1981, Casanova and Brock 2000) , boundaries between woody and herbaceous vegetation (Toner and Keddy 1997) , plant productivity and diversity (Fennessy et al. 1994) , and species composition (Weiher and Keddy 1995) . Hydrologic regime in floodplains also determines the frequency and intensity of flood disturbance, which creates topographic heterogeneity through processes of sediment deposition and erosion (Naiman and De´camps 1997) . Aside from hydrologic regime and flood disturbance, other impor- 4 E-mail: matthews@inhs.uiuc.edu tant determinants of plant composition in wetlands include fertility, salinity, plant-plant competition, and herbivory (Keddy 2000) . For example, soil fertility is a major determinant of plant composition and diversity in wetlands (Weiher and Keddy 1995) , and nutrient enrichment has been linked to declines in native species diversity and increased growth of invasive species (Green and Galatowitsch 2002 , Kercher and Zedler 2004 , Rickey and Anderson 2004 . Despite the local focus of most restoration efforts, however, the level of restoration progress that can be achieved is often constrained by processes external to the boundaries of a restoration site (Bell et al. 1997, White and Walker 1997) . At the regional scale, differences in climate, physical geomorphology, biogeographic history, and large-scale patterns of human land use can lead to differences in available species pools (Ricklefs 1987 , Zobel 1992 , Foster et al. 2003 . Thus, a restoration site's setting within a larger context determines which species are available to colonize. Within regions, surrounding land uses, site isolation, and site area influence plant species composition and restoration progress by determining rates of propagule input. Native species typical of undegraded wetlands are unlikely to colonize restorations if suitable habitat does not occur within the surrounding landscape (Galatowitsch 2006) , and species composition may be altered in favor of widespread species with efficient dispersal and the ability to persist in nearby degraded habitats (Hermy et al. 1999 , Henle et al. 2004 .
In addition to controlling the input of organisms to a restoration site, landscape context determines the flux of materials and energy. Surrounding land cover represents an integrative indicator of a variety of landscape-scale stressors on local sites (Bedford 1999) . Because wetlands receive water flows from neighboring areas and are landscape sinks for nutrients, pollutants, and sediments (Zedler and Kercher 2005) , they may be especially vulnerable to surrounding land use. Location within the larger hydroscape determines local hydrology and its associated effects on disturbance and nutrient availability. Surrounding land use also determines the amount of nutrients entering watercourses and wetlands, with higher levels associated with urbanization and intensive agriculture (Jones et al. 2001 , Houlahan and Findlay 2004 , Hogan and Walbridge 2007 . As a result, the cumulative impacts of surrounding land use can influence wetland plant community composition (Galatowitsch et al. 2000 , Houlahan et al. 2006 . In general, the floristic conservation value of natural wetlands declines as surrounding land use intensity increases (Lopez and Fennessy 2002 , Cohen et al. 2004 , Reiss 2006 .
Ecological variables are often highly intercorrelated across spatial scales, and processes operating at larger scales can constrain those operating at smaller scales. Thus, it can be difficult to disentangle the independent effects of potential causal variables. Constrained ordination combined with variation partitioning among sets of explanatory variables (Borcard et al. 1992 ) has proven useful in overcoming problems of intercorrelation in studies of species composition and abundance (e.g., Økland and Eilertsen 1994 , Vandvik and Birks 2002 , Heikkinen et al. 2004 , Raatikainen et al. 2007 ). We applied this approach to examine the relative importance of local and landscape factors for determining plant species composition in restored wetlands. We determined the independent and joint effects of three spatially hierarchical sets of explanatory variables: (1) macroscale landscape features reflecting site setting within regional landscapes, (2) mesoscale landscape features reflecting nearby propagule sources and buffers from disturbances, and (3) local environmental factors. We repeated the analyses using three multivariate descriptions of plant community composition as response variables: overall species composition, the composition of species categorized based on growth form and typical community type, and the composition of species groups categorized on the basis of their conservation value (hereafter referred to as floristic quality groups). These represent three alternative potential goals for restoration projects: replicating a particular species assemblage, restoring a certain wetland community type, or constructing a site that has value for plant conservation. We expected species composition to be affected by variables at all three scales due to a combination of landscape and local constraints on species assembly. The composition of groups of species based on life history traits, however, should be determined largely by local processes that lead to community convergence among sites with similar environmental conditions (Fukami et al. 2005) . Thus, we expected local abiotic factors alone or local factors controlled by landscape constraints to best explain differences in plant trait composition among sites. In contrast, we expected landscape variables, both indirectly through their influence on local environmental factors and directly through constraints on propagule supply (e.g., a limited supply of native wetland species but an abundance of nonnative species in highly altered landscapes), to best explain differences in floristic conservation value among restored wetlands.
METHODS

Study sites
Study sites included 28 restored wetlands in Illinois, USA (from approximately 37817 0 to 42827 0 latitude and 87853 0 to 91820 0 longitude) constructed between 1992 and 2002 by the Illinois Department of Transportation as compensation for wetlands impacted during road projects (Fig. 1) . Sites varied in size from 0.11 ha to 7.07 ha and included 11 sites intended to be forested wetlands, 15 sites intended to be dominated by herbaceous plant communities, and two sites intended to have a mixture of herbaceous and forested communities. Sites were constructed through removal of existing drainage features, excavation, and subsequent topsoil replacement and/or creation of berms or weirs and were either left unplanted or were planted with shrubs, trees, and/or planted or seeded with a variety of herbaceous wetland species. Detailed information on study sites is provided by Matthews (2008) .
Plant community data
We sampled herbaceous-layer vegetation and soil from late May through June in 2006. In each site, a baseline was established along the longest edge of the site. The baseline was divided into four sections of equal length, and within each section a single, randomly located transect was established perpendicular to the baseline and extending the entire width of the site. Ten 0.25-m 2 quadrats, evenly spaced along the transect, were placed along each of the four transects. All vascular plant species observed in each quadrat, with the exception of woody plants taller than 1 m, were assigned a cover class (,1%, 1-5%, 6-25%, 26-50%, 51-75%, 76-95%, or 96-100%), and cover class data were used to calculate importance value (the sum of relative frequency and relative cover, divided by two) for each sampled species in each site (Ayyad and Dix 1964) . Species nomenclature followed Mohlenbrock (2002) .
We sequentially partitioned the 340 observed species into 27 groups based on typical habitat (aquatic, emergent marsh, floodplain forest, mudflat, open habitat, prairie, upland forest, or wet meadow), life span (annual/biennial or perennial), and growth form (forb, graminoid, or woody) using information in regional floras and databases (Swink and Wilhelm 1994 , Iverson et al. 1999 , Mohlenbrock 2002 ). In addition, we classified species based on their status as planted vs. volunteer species and status as indicators of floristic conservation value. Lists of planted species for each site were obtained from unpublished site-monitoring reports from the Illinois Natural History Survey, and each species at each site was classified as intentionally planted or naturally colonized. We further subdivided naturally colonizing species in each site according to their native/exotic status and ''coefficient of conservatism'' (C ). Each vascular plant species in Illinois has been assigned a value, C, ranging from 0 to 10, based on expert opinion (Taft et al. 1997) . Lower numbers were assigned to species that tolerate anthropogenic habitat degradation, and higher numbers were given to species (hereafter referred to as conservative species) indicative of remnant natural areas. We categorized native, naturally colonizing species as nonconservative (C ¼ 0-2), moderately conservative (C ¼ 3-4), or conservative (C ! 5) for the present study.
Local and landscape predictors
Local explanatory variables described site hydrology, fertility, and successional status. Water depth and percentage of bare, exposed soil were recorded in every quadrat and averaged across the 40 quadrats to estimate mean water depth and percentage of bare ground. Numbers of shrub and sapling stems taller than 1 m were recorded in a 4 3 30 m belt randomly located along each of the four transects. Stem density (number of stems per square meter) was averaged across the four belts to estimate stem density for each site.
A composite of eight soil cores, 12 cm deep and 1.9 cm in diameter, was collected from each of two randomly chosen quadrats along each of the four transects. The pH of the soil solution (5 g soil þ 5 mL deionized water) was determined by averaging three measurements per sample. A subsample of each composite soil sample was air-dried and ground to pass through a 2-mm sieve, and available ammonium (NH 4 þ ) and nitrate (NO 3 À ) were analyzed using colorimetric analyses based on the Berthelot method (Sims et al. 1995 , Rhine et al. 1998 . We analyzed soil organic matter content (total organic C) of finely ground, air-dried soil using combustion methods (ECS 4010, COSTECH Analytical Instruments, Valencia, California, USA). Total organic C, pH, and available NO 3 À and NH 4 þ were averaged across the eight composite soil samples within each site.
Under saturated, anoxic conditions, soils develop reducing conditions due to the metabolic activity of microorganisms. As a direct measure of reducing conditions and an indirect measure of hydrology, we installed an indicator of reduction in soils (IRIS) tube (InMass Technologies, West Lafayette, Indiana, USA) in one quadrat along each transect (four tubes per wetland). The IRIS tube is a 1.9 cm diameter by 60 cm long section of PVC pipe painted with an iron oxide (ferrihydrite) (Jenkinson and Franzmeier 2006) . Under reducing conditions, the Fe 3þ in iron oxide is reduced to Fe 2þ and enters solution. Locations of IRIS tubes were chosen to represent the range of site hydrologic conditions. The IRIS tubes were removed after 22-33 days and rinsed and dried in the field. Digital images were used to determine the amount of ferrihydrite removed from each tube (percentage of white cover), and the amount reduced was averaged across the four tubes from each site.
Mesoscale explanatory variables described the immediate landscape context of restored wetlands. We mapped land cover within a 100-m buffer around each site. Resulting land cover maps were digitized in ArcView 3.3 (Environmental Systems Research Institute [ESRI] , Redlands, California, USA), and percent cover was calculated for the following land cover types: row crop agriculture, impervious surfaces (e.g., buildings and pavement), nonnative grassland (e.g., lawns, pastures, and road edges), wetland (including emergent, shrub, and forested wetlands), open water, upland forest, and early-successional habitats (e.g., old fields dominated by herbs or shrubs). Restored wetland site boundaries were digitized in ArcView 3.3 to determine site area. We quantified site isolation from neighboring wetlands as the mean distance to the nearest three wetlands. For wetlands more distant than 100 m from the site, National Wetlands Inventory (NWI, U.S. Fish and Wildlife Service) mapped wetlands were used. We verified the existence of wetlands identified on NWI maps using digital aerial orthophotographs from 1998 to 2000.
Larger (macro-) scale site context was described by land cover within 1000 m, regional climate, and watershed area. We quantified percentage of open water, wetland (including forested wetlands), developed land, upland forest, and cropland within a 1000-m radius around each site using ArcGIS 9.0 (ESRI) and data from the Illinois Gap Analysis Land Cover database (Luman et al. 2004) , which is based on Landsat satellite imagery from 1999 and 2000. Climate was characterized based on summary data from the nearest climate monitoring station, available from the Midwestern Regional Climate Center (available online). ) and where published information was unavailable, we estimated watershed area contributing to the site using topographic maps and aerial photographs in combination with an on-site evaluation of hydrologic inputs. For sites with larger watersheds, we obtained watershed area from a published source (Ogata 1975) .
Numerical analyses
Because land cover variables are highly intercorrelated, we used principal components analysis (PCA) on a correlation matrix, followed by varimax rotation using SYSTAT 11 (Systat Software, San Jose, California, USA), to reduce the number of land cover variables at each scale (1000-m and 100-m zones around sites) to a smaller number of orthogonal principal components that described the main gradients in land use. Land cover proportions were arcsine square-root transformed prior to analyses. Similarly, soil chemical variables and local hydrologic indicators (mean IRIS tube reduction and mean water depth) were highly intercorrelated and were reduced to principal components describing the major hydrologic-soil gradients among sites. All hydrologic and soil chemical variables, except mean pH, were log-transformed prior to analysis. For each PCA (land cover at 1000 m, land cover at 100 m, and local hydrology/soils), a scree plot of the eigenvalues vs. the ordered components was examined to determine the number of components to retain for further analyses (McGarigal et al. 2000) .
The method of Borcard et al. (1992) , extended to three sets of predictor variables by Liu (1997) and Anderson and Gribble (1998) , was used to partition the variation in plant community composition among sites into components independently and jointly explained by three sets of explanatory variables: local environmental variables, landscape variables at small (meso-) scales, and landscape variables at larger (macro-) scales (Table  1 ). The significance of the five explanatory variables within each of the three sets was tested using a forward selection procedure in CANOCO 4.5 (Biometris, Wageninen, The Netherlands) to eliminate nonsignificant (P . 0.1) variables (Borcard et al. 1992 , Økland and Eilertson 1994 , Heikkinen et al. 2004 . Variation partitioning was performed using only the significant variables (Table 1) . We first performed ordinations constrained by each of the three sets of predictors separately. We then performed partial ordinations to determine: (1) the amount of variation independently attributable to each set of predictors after accounting for the effects of the other two sets and (2) the amount of variation shared among sets of predictors. A more detailed description of the variation partitioning procedure is provided in Appendix A.
Analyses were repeated using three multivariate responses: (1) species importance values, (2) summed importance values for each community type group, and (3) summed importance values of each floristic quality group. Initial detrended correspondence analyses (DCA) indicated that gradients in species composition among sites were long (.3.0) for ordinations using individual species and functional groups, whereas the gradient was short (1.7) for an ordination using floristic quality groups. Therefore, we used canonical correspondence analysis (CCA) for species and community type composition and redundancy analysis (RDA) for floristic quality group composition (Lepsˇand Sˇmilauer 2003) . Species occurring in fewer than three sites were removed prior to analysis of individual species importance values, leaving 144 species in the analysis, but all 340 species were retained for community type and floristic quality group analyses. Monte Carlo permutations (n ¼ 499), as implemented in CANOCO 4.5, were used to test the null hypothesis that species composition was unrelated to each set of predictor variables, based on an F ratio derived from all canonical axes and an a value of 0.05. Intentional planting is an important component of wetland restoration and community assembly, and planted species can influence the establishment of volunteer species (Streever and Zedler 2000, Armitage et al. 2006) . Therefore, we retained all intentionally planted species in the analyses. We present the results of an analysis using only naturally colonizing species in Appendix B.
RESULTS
Reduction of explanatory variables
Reduction of land cover variables at the 1000-m scale resulted in two retained principal components, explaining 65.6% of the variation in land cover among sites ( Table 2 ). The first axis described a gradient from urban and forested land to agricultural land. The second axis described a gradient from non-riparian settings, associated primarily with developed land, to riparian settings, associated with high cover of wetland and open water.
Three principal components were retained from the reduction of 100-m scale land cover variables ( Table 2 ). The first axis represented a gradient of urban development vs. wetland cover, with high positive loadings for Notes: Variables identified as significant (P , 0.1) using a forward selection procedure in CANOCO were retained for analyses and are denoted by an ''X.'' The more liberal significance level was chosen to balance overfitting and underfitting the canonical ordinations. PC stands for principal component. Study sites included 28 restored wetlands in Illinois, USA.
Log-transformed prior to analysis to achieve normality. Notes: Separate principal component (PC) analyses were performed for each of the three spatial scales (macroscale, mesoscale, and local scale). Land cover proportions were arcsine square-root transformed, and water depth, organic carbon, indicator of reduction in soils (IRIS) tube reduction, NH 4 þ , and NO 3 À were log-transformed prior to analyses.
grassland (mostly lawns and roadsides) and impervious surfaces and a high negative loading for wetland cover.
The second axis had a high negative loading for agricultural land and a high positive loading for open water. The third axis was primarily associated with upland forest cover. Two principal components, explaining 71.2% of the variation among sites, were retained from the reduction of local hydrologic and soil chemical variables ( Table 2 ). The first axis was interpreted as a gradient of water permanence, with high loadings for water depth and IRIS tube reduction and moderately high loadings for available NH 4 þ and total organic C. Sites with high scores along this axis were depressional, semipermanently to permanently inundated sites, whereas those with the lowest scores were riverine sites that experienced rapid water drawdowns following occasional floods. The second axis was interpreted as a gradient of nutrient availability, with high loadings for available NH 4 þ and NO 3 À , organic C, and pH. Examination of the intercorrelations among individual predictor variables revealed consistent patterns across scales that were largely related to whether sites were located within riparian settings (Table 3) . Compared to sites in riparian landscapes, sites located within non-riparian landscapes (low scores on PCA axis 2 at the 1000-m scale) tended to have more impervious surface and less wetland within 100 m (high scores on PCA axis 1 at the 100-m scale), smaller contributing watersheds, greater isolation from nearby wetlands, lower sapling/shrub density, and more permanent inundation (high scores on PCA axis 1 at the local scale).
Following the forward selection procedure, annual precipitation was the only macroscale variable not included in any final models (Table 1) . Only two mesoscale variables were selected, isolation from natural wetlands and the principal component describing the amount of developed land surrounding wetlands (Table  1) . At the local scale, stem density and the principal components describing hydrology and soil fertility were included in all analyses (Table 1) . Site age and cover of bare ground were not significantly related to vegetation composition.
Species composition
Canonical correspondence analysis of species composition using the macroscale landscape variables as predictors separated three metropolitan Chicago sites (sites 6, 7, and 9) from most other sites along the first axis, which was associated with cooler climate (higher latitude) and nonagricultural land cover ( Fig. 2A) . These sites are deep-water emergent wetlands with urban stormwater input and high cover by the planted, aquatic species Pontederia cordata L. and Nymphaea odorata Sol., as well as the invasive Typha angustifolia L. Removal of planted species prior to analysis affects the position of these sites in ordination space to a greater degree than most other sites (Appendix B). The second axis separated sites located in riparian landscapes with large contributing watersheds from sites with smaller watersheds. Riparian sites were associated with greater abundance of Acer saccharinum L., Vitis riparia Michx., and Aster lanceolatus Willd. var. simplex (Willd.) A. G. Jones, species typical of riparian forests. Both axes suggest strong effects of large-scale landscape context on site hydrology, which in turn affects species composition.
Urban development within 100 m of restored wetlands was associated with species characteristic of deepwater marshes (Fig. 2B) . Sites near major cities had high scores along the first axis. Smaller, more isolated sites tended to have low scores along the second axis and were associated with higher importance of the invasive, nonnative species Festuca arundinacea Schreb. and Lonicera japonica Thunb., as well as the native Toxicodendron radicans (L.) Kuntze.
Sites with permanent deep water and low sapling/-shrub density had high scores along the first axis of the CCA using the local predictor variables (Fig. 2C) . These sites had high importance values for Pontederia cordata, Nymphaea odorata, and Typha angustifolia. The second axis separated infertile sites, associated with the earlysuccessional, wetland annuals such as Bidens comosa Gray (Wieg.) and Eleocharis obtusa (Willd.) Schult. and the nonnative legume Lespedeza cuneata (Dum.-Cours.) G. Don., from fertile sites dominated by nitriphilous, clonal species such as Urtica gracilis Ait. and Phalaris arundinacea L.
Ordination constrained by macroscale landscape variables alone, mesoscale landscape variables alone, or local variables alone each resulted in a statistically significant relationship with species composition (Table  4) . However, the mesoscale landscape variables were no longer significant (P ¼ 0.11) after accounting for the effects of macroscale landscape and local variables. All three variable sets together explained 45.2% of the variation in species composition. Total variation was partitioned into independent and joint components for each of the three sets of explanatory variables (Table 4 , Fig. 3 ). The independent contributions of local and macroscale variables were similar (;15% of the total variation) and were somewhat larger than contribution of mesoscale variables (7.6%). Despite intercorrelations among variables at different scales (Table 3) , there was surprisingly little overlap in the variation explained by the three variable sets, as indicated by small shared components of variation (Table 4 , Fig. 3 ). Thus, local and landscape variables had independent and nearly equally strong relationships with species composition. However, for some sites, particularly those in the heavily urbanized Chicago region, macroscale and mesoscale landscape variables appeared to constrain local conditions and species composition. These sites had high positive scores along the first axis of all three constrained ordinations and were associated with the urbanized northeastern region of the state, large amounts of impervious surfaces within 100 m of the site, and permanent, deep water.
Community type composition
Canonical correspondence analysis predicting wetland community type composition using macroscale landscape variables produced a biplot similar to that of the CCA of species composition based on macroscale variables (Fig. 4A) . Northeastern sites in the Chicago region with abundant aquatic perennials had high scores along the first axis. Sites with high scores along the second axis were associated with agricultural landscapes and small contributing watersheds and were dominated by species of upland, open habitats such as old fields. Sites with low scores on both axes had high importance values for annual forbs and were primarily located in riparian settings.
Sites in urban landscapes near major cities had more impervious surface within 100 m and were associated with emergent perennial graminoids and aquatic species of deep, permanently inundated wetlands, whereas sites with little urban development and extensive wetlands (including floodplain forests) within 100 m were associated with greater importance of floodplain forest perennials (Fig. 4B) . Isolated sites in agricultural settings were associated with higher importance of woody species and perennial forbs and graminoids typical of open habitats and prairies.
At the local scale, and not surprisingly, aquatic species and emergent perennials were strongly associated with water permanence (Fig. 4C) . In contrast, wet meadow forbs and floodplain forest species were associated with short-duration inundation and higher shrub/sapling density. A second gradient distinguished less fertile sites with low sapling/shrub density from more fertile sites with high sapling/shrub density and high plant cover. This gradient separated mudflat annual graminoids (e.g., Cyperus L. spp., Echinochloa muricata) from forest species and likely represents a successional gradient.
Canonical correspondence analysis constrained by each of the three sets of explanatory variables explained a significant amount of the variation in community type composition among sites. However, the effects of macroand mesoscale landscape variables were not significant after accounting for the other variable sets (Table 4 ). All explanatory variables combined accounted for 48.3% of the total variation. The independent contribution of local variables (16.7% of total variation) was greater than that of either macroscale or mesoscale landscape variables (8.2% and 7.8% of variation, respectively) (Table 4, Fig. 3) . A large amount of variation (11.7%) attributed to local variables could be explained by joint variation with landscape variables, indicating that landscape setting constrained the local conditions that determined community type development.
Floristic quality group composition
Redundancy analysis, constrained by macroscale landscape variables, of the floristic quality groups separated sites with cooler climates and smaller watersheds from those with warmer climates and larger watersheds (Fig. 5A) . The former tended to have higher importance of planted species and exotic species, whereas the latter had higher importance of moderately and nonconservative, native species (Appendix C). Mesoscale landscape variables (Fig. 5B ) did not explain a significant amount of the variation in floristic quality groups among sites (Table 4) .
Sites with permanent deep water had higher importance of planted species (Fig. 5C ). Sites with fertile soils tended to have higher importance of exotic species (Appendix C) and a lower importance of nonconservative, native species. Conservative, native species were associated with low sapling/shrub density, whereas moderately conservative, native species were associated with higher stem density. Macroscale, mesoscale, and local variables, combined, explained 50.1% of the variation in floristic quality group composition among sites (Table 4) . Macroscale and local variables both explained a significant amount of variation in floristic quality group composition, but only local predictors were significant after accounting for the other variable sets. This was due to the large amount of variation (20.1%) shared by local and macroscale predictor variables (Table 4 , Fig. 3) . Thus, almost half of the variation explained by local predictors could be considered to be landscape dependent.
DISCUSSION
There is no single, simple cause or scale that is important for community assembly in restoration sites. Community composition in restoration sites is affected by processes operating on scales ranging from local to regional (Parker 1997) . However, this study demonstrates that the relative influence of factors operating at different scales varies depending on the variables chosen to describe community structure. Thus, the appropriate scale at which to focus restoration efforts will vary depending on the particular restoration objectives. Restoration of species composition may require simultaneous consideration of multiple scales; but for other restoration goals, practitioners might more effectively target processes operating at certain spatial scales.
Goal 1: restoration of species composition
Sets of explanatory variables at the regional and local scales explained a similar amount of the variation in species composition among sites. In some sites, such as wetlands in metropolitan Chicago, species composition was related to local abiotic factors that were subject to larger-scale hydrologic constraints. Overall, however, there was little overlap among scales, as indicated by the small amount of variation shared among sets of predictors. Processes at multiple scales determine species composition, and different species may respond individualistically to constraints operating at different scales (Murphy and Lovett-Doust 2004, Moore and Elmendorf 2006) . Plant species responses to local factors depend on establishment opportunities, environmental tolerances, and interspecific interactions, whereas species responses to landscape structure depend on their ability to persist in altered, fragmented landscapes and their ability to disperse to suitable locations (Butaye et al. 2002 , Johansson and Ehrle´n 2003 , Kolb and Diekmann 2004 . For example, in the present study, Eleocharis obtusa, Juncus tenuis Willd., and Bidens comosa appeared to be restricted by local conditions and primarily occurred in young, infertile sites. In contrast, Acer saccharinum, Aster lanceolatus var. simplex, and Vitis riparia, species that persist beyond the early stages of succession, were important whenever sites were located in riparian landscapes and their distributions were better explained by larger-scale landscape context than by local factors.
Plants observed at the restored wetlands may have colonized from surrounding sources or may have germinated from pre-restoration seed banks. Existing or replaced topsoil was present at all sites at the initiation of restoration, and some species observed in the restored wetlands likely germinated from seed banks (Middleton 2003 , De Steven et al. 2006 . However, several studies have concluded that seed banks are a poor source of propagules for wetland restoration, especially in sites with protracted drainage prior to restoration (Wienhold and van der Valk 1989 , Brown 1998 , Wetzel et al. 2001 . Therefore, many of the observed species likely immigrated, post-restoration, from beyond the restored wetlands. Surrounding land cover was associated with differences in species composition that were largely related to typical habitats of species. For example, floodplain forest species were primarily associated with undeveloped, riparian landscapes, whereas species of open habitats were primarily associated with isolated sites within agricultural landscapes. Some studies suggest that a large proportion of the plant species in ecological restorations colonizes from within tens of meters of a target site (Sa¨nger and Jetschke 2004, Ashworth et al. 2006) , and limited recruitment and isolation from surrounding propagule sources can delay plant community recovery during restoration (Ash et al. 1994 , Galatowitsch and van der Valk 1996 , Bissels et al. 2004 , Holl and Crone 2004 , Kirkman et al. 2004 .
A hierarchical filter concept of plant community assembly in restorations has been proposed based on the species pool concept (Zobel 1992 , Pa¨rtel et al. 1996 Menninger and Palmer 2006) . Evolutionary and biogeographic history, along with dispersal and germination from existing seed banks, determines which species are available to enter a community. Species are deleted from this pool of potential colonists based on local abiotic conditions and interspecific interactions . The filter concept provides a framework for conceptualizing the multiple scales of influence on restoration outcomes. In the present study, local habitat and large-scale site context were both related to species composition, but the relative importance of these factors is likely taxon-and system-specific. Site context has been found to be equally or more important compared to local abiotic factors in determining plant species composition in riverine wetlands (Jean and Bouchard 1993) , restored eucalypt woodlands (Wilkins et al. 2003) , and abandoned sand and gravel pits (Ř ehounkova´and Prach 2006) . In contrast, local abiotic or land management variables have been found to be more important than site context in determining plant species composition in other systems (Dupre´and Ehrle´n 2002 , Kolb and Diekmann 2004 , Benjamin et al. 2005 , Karst et al. 2005 . In successional communities, the relative impor- Fig. 1 ), species with greatest fits (solid circles), and predictor variables (arrows). Ordinations were constrained by (A) macroscale, (B) mesoscale, and (C) local predictor variables and included no covariables. Abbreviations are: aceneg, Acer negundo; acesac, Acer saccharinum; allpet, Alliaria petiolata; astlan, Aster lanceolatus var. simplex; astont, Aster ontarionis; bidcom, Bidens comosa; boecyl, Boehmeria cylindrica; camrad, Campsis radicans; cirarv, Cirsium arvense; eleobt, Eleocharis obtusa; elyrep, Elytrigia repens; falsca, Fallopia scandens; fesaru, Festuca arundinacea; horjub, Hordeum jubatum; leevir, Leersia virginica; lescun, Lespedeza cuneata; lonjap, Lonicera japonica; nymodo, Nymphaea odorata; phaaru, Phalaris arundinacea; poncor, Pontederia cordata; schtab, Schoenoplectus tabernaemontani; solcan, Solidago canadensis; staten, Stachys tenuifolia; toxrad, Toxicodendron radicans; typang, Typha angustifolia; ulmame, Ulmus americana; urtgra, Urtica gracilis; vitrip, Vitis riparia. Explanations for abbreviations for predictor variables may be found in Table 1. tance of local and landscape factors might vary with site age, with older sites more likely to be influenced by local environmental factors and younger sites more influenced by site context (Lepsˇand Rejma´nek 1991) . The sites included in the present study were fairly young (,15 years), and the relative importance of local and landscape factors may shift as the sites age.
If the goal of a restoration project is to replicate the species assemblage of a natural or historic reference habitat, multiple scales of influence must be considered simultaneously, making the restoration of particular species combinations extremely complex. Restoration of local conditions alone may be insufficient for restoring species composition.
Goal 2: restoration of particular wetland community types Although species identities differed among sites located in different landscapes, perhaps due in part to propagule availability, composition of species groups based on plant traits converged in sites with similar local environmental conditions, consistent with our predictions. Landscape variables were apparently important in determining local environmental conditions, probably through effects on restoration site design and hydrologic regime, but their independent contribution was less important and not statistically significant.
Two environmental gradients, one related to hydrology and one related to successional age, differentiated community type composition among sites. This result is not particularly surprising, given that the community types to which species were assigned are often distinguished based on hydrologic gradients. A frequent goal of wetland restoration is to restore a particular wetland community type. Although this seems to be a fairly straightforward and easily attained requirement, evidence from past mitigation projects suggests that restorations often fail to recreate intended wetland types (Brown and Veneman 2001, Cole and Shafer 2002) . Therefore, although the result is not unexpected, our finding that environmental factors such as hydrology and soil fertility are strongly related to resulting plant community types is important for restoration practice. The importance of local environmental factors suggests that practitioners with a goal of recreating a certain community type should focus their restoration efforts on the local environmental conditions that differentiate the performance of species based on their life history characteristics. For example, if the goal is to restore a floodplain forest, then establishment of a pulsed hydrologic regime and a closed tree canopy should receive priority.
More importantly, although local environmental conditions largely distinguished plant community groups, a large amount of the explained variation was shared among local and landscape variables. This suggests that the larger-scale context of a restoration site influences local environmental conditions, which in turn control community type development. Similarity in Percentage of variation explained by each canonical ordination is the sum of the canonical eigenvalues divided by the total inertia. Total inertias were 6.55 for species composition, 2.21 for community type composition, and 1.00 for floristic quality group composition.
environmental conditions, partially constrained by landscape context, led to convergence in plant trait composition.
Goal 3: restoring wetlands with value for plant conservation
Despite previous studies that demonstrated that the floristic quality of naturally occurring wetlands was associated with surrounding land uses at the scale of 100 m (Lopez and Fennessy 2002, Cohen et al. 2004) , as well as site area and isolation from other wetlands (Lopez and Fennessy 2002, Matthews et al. 2005) , mesoscale landscape variables were not strongly related to the composition of floristic quality groups in these restored wetlands. Local variables, in contrast, were significantly associated with composition of floristic quality groups, but these were controlled to a large extent by macroscale landscape setting.
Regional differences among sites and site position within river drainage networks apparently constrained local hydrology and fertility in ways that influenced site floristic quality. Wetlands located within lower-watershed, riparian landscapes and subject to flood disturbance had a relatively greater importance of nonconservative and moderately conservative, native species. These species are often associated with disturbed communities and many are r-selected or ruderal species (Grime 1977 , Menges and Waller 1983 , Taft et al. 1997 . Planted species were more important in upper-watershed, excavated wetlands located in urban contexts. This pattern likely reflects site design constraints that preclude the restoration of natural hydrologic regimes in urban areas. Urban restored wetlands often receive stormwater runoff, and many are intended to function doubly as habitat restorations and stormwater retention basins. Accordingly, they are often deeper, with more permanent inundation than nearby natural wetlands (Confer and Niering 1992, Magee et al. 1999) . Deeply inundated wetlands are often planted with rootstock of emergent and aquatic vegetation, whereas more mesic FIG. 3 . Venn diagrams illustrating the amount of variation in species composition, community type composition, and floristic quality group composition among restored wetlands that was explained by local, mesoscale, and macroscale sets of predictor variables alone and the amount of variation shared among sets of predictor variables ( joint effects). The area of the circles indicates the relative amount of explained variation, but overlap among circles is not to scale.
wetland restorations are generally seeded, often with limited success (Matthews and Endress 2008) , or are left unplanted. In addition, because sites in urban areas are seen by more people, site designers may put more emphasis on establishing showy planted vegetation. The influence of regional differences in site design on plant communities underscores the importance of including social factors as assembly filters in models of restoration ecology (Hobbs and Norton 2004) , and it reflects the constraints imposed on restoration in urban settings (Ehrenfeld 2000) .
Increased importance of exotic species in the present study was closely associated with nitrogen availability, consistent with experimental studies demonstrating that nutrient addition increases exotic species abundance in wetlands (Woo and Zedler 2002, Perry et al. 2004) . Exotic species such as Cirsium arvense and Typha angustifolia also tended to be more important in sites located in more densely populated northeastern Illinois. Areas of high human population density have large potential source pools of exotic plant species (Taylor and Irwin 2004, Qian and Ricklefs 2006) . In addition, intensive human modification of landscapes alters hydrology and increases sediment, nutrient, and pollutant inputs, facilitating establishment of invasive species in wetlands (Silliman and Bertness 2004, Kercher et al. 2007) . As a result, wetlands surrounded by natural landscapes tend to be less heavily invaded by exotic species than wetlands in anthropogenic settings (Magee FIG. 4 . Triplots from canonical correspondence analysis of community type composition, showing sites (open diamonds; numbers correspond to the locations in Fig. 1 ), community type groups with the greatest fits (solid circles), and predictor variables (arrows). Ordinations were constrained by (A) macroscale, (B) mesoscale, and (C) local predictor variables and included no covariables. Abbreviations are: aquat, submersed or floating aquatic species; empefo, emergent perennial forbs; empegr, emergent perennial graminoids; ffanfo, floodplain forest annual forbs; ffpefo, floodplain forest perennial forbs; ffpegr, floodplain forest perennial graminoids; ffwood, floodplain forest woody species; mfangr, mudflat annual graminoids; opanfo, open habitat annual forbs; opangr, open habitat annual graminoids; oppegr, open habitat perennial graminoids; oppefo, open habitat perennial forbs; opwood, open habitat woody species; prpefo, prairie perennial forbs; pranfo, prairie annual forbs; ufanfo, upland forest annual forbs; ufpefo, upland forest perennial forbs; ufwood, upland forest woody species; wmpefo, wet meadow perennial forbs. Explanations for abbreviations for predictor variables may be found in Table 1. et al. 1999, Moffatt and McLachlan 2004, Houlahan et al. 2006) .
Planning for wetland mitigation in the United States has not generally accounted for landscape or watershed context (NRC 2001) , and many project locations have been chosen based on solely site availability (Cole 1999) . Because landscape context limits restoration success, restoration goals should be defined relative to the landscape context (Palmer et al. 1997 , Ehrenfeld 2000 , MacMahon and Holl 2001 . It is unrealistic to expect sites subjected to periodic flood disturbance to be free of ruderal and early-successional species or to expect sites in urbanized regions to be free of exotic species.
Conclusions
The results of this study are consistent with the contention that hydrologic regime and site fertility are the main determinants of plant species composition in wetlands (Weiher and Keddy 1995, Wright et al. 2003 ).
This was most evident when considering groups of species that described distinctions among community types (e.g., riparian forest vs. emergent marsh or open mudflat vs. wet meadow). Therefore, to restore particular plant community types, restoration practitioners might focus on establishing appropriate local environmental conditions. However, ignoring potential constraints at larger spatial scales can lead to unexpected and undesirable restoration outcomes (Whisenant 1999, Mayer and Rietkerk 2004) . If the goal of restoration is to replicate the species composition of a natural or historic wetland, then landscape context will limit restoration success by controlling species dispersal from regional and local species pools. If the goal of restoration is to establish wetlands of high floristic quality and conservation value, then landscape context will limit restoration success by limiting the ability of restoration practitioners to establish a naturalistic hydrologic regime and by determining the potential for Fig. 1 ), floristic quality groups (black arrows), and predictor variables (gray arrows). Ordinations were constrained by (A) macroscale, (B) mesoscale, and (C) local predictor variables and included no covariables. Floristic quality groups included native conservative species (cons), exotic species, moderately conservative native species (modcons), nonconservative native species (noncons), and planted species. Explanations for abbreviations for predictor variables may be found in Table 1. undesirable species to invade the site. Where larger-scale landscape processes override or constrain local environmental conditions, landscape-or watershed-scale restoration planning will be more effective than site-by-site approaches. 
